The intravenous anaesthetic ketamine has been given to patients undergoing minor gynaecological surgery after atropine prcmedication in initial doses ranging from 1.0 to 3.0 mg/kg. The chief induction complications were hypertension and hypertonus, the incidence of which was only broadly related to dosage. Recovery of consciousness was rapid, though marred by a high incidence of delirium at all dose levels. This delirium was sometimes sufficiently severe and prolonged as to necessitate tranquillization with diazepam. Hallucinations at this stage were so unpleasant that patient acceptance was much lower than with the barbiturates.
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Ketamine (Ketalar: Cl-581) is a recently introduced anaesthetic agent which can be given by the intravenous or intramuscular routes. It is 2-(o-chlorophenyl)-2-(methylamino) cyclohexanone hydrochloride ( fig. 1 ), being chemically related to phencyclidine (Sernyl: Cl-395) and cyclohexamine (Cl-400) but bearing no similarity to either the barbiturates or eugenols. It is available as a clear aqueous solution containing 10 mg or 50 mg ketamine base per ml for intravenous or intramuscular injection respectively. Solutions are slightly acid, with pH in the 3.5-5.5 range.
The pharmacology of ketamine was reported by Chen (1965) and by McCarthy and associates (1965) who described it as being a compound with cataleptic, analgesic and anaesthetic action but without hypnotic properties. Chen (1969) later defined catalepsy as a "characteristic akinetic state with a loss of orthostatic reflexes but without impairment of consciousness in which the extremities appear to be paralyzed by motor and sensory failure". The early clinical pharmacological studies of Domino, Chodoff and Corssen (1965) from Ann Arbor, Michigan, led to the drug being used in anaesthesia. The manufacturers class it as a "rapid-acting non-barbiturate general anaesthetic" but Corssen and Domino (1966) describe its effect as "dissociative anaesthesia", characterized by complete analgesia combined with only superficial sleep (Corssen, 1968) . This term has also been used by European workers (Langrehr, 1969) .
Many of the reported studies with ketamine, amounting to over 12,000 administrations, were carried out in children. Although the drug has been used in adults, many of the trials have been uncontrolled, employing a variety of premedicants (or omitting mention of premedication in the reports), using different induction doses by both intravenous and intramuscular routes and embracing a wide variety of surgical procedures. This has naturally given variable results. Although ketamine has only become available in this country since late 1969, it must be pointed out that the first studies with it began in 1957 and it was first used in man as long ago as 1964.
In keeping with a well-established pattern of clinical trials from this department, it was felt necessary to use ketamine as main agent in our initial cases. This was done without depressant premedication and this paper reports the findings in 125 cases. Where applicable the findings are related to dosage and compared with our own published data on barbiturates. Preliminary reports on this have appeared elsewhere (Clarke, Knox and Dundee, 1970; 
METHOD
Studies were carried out on fit patients scheduled for minor gynaecological surgery. Atropine 0.6 mg by intramuscular injection was the sole premedication. In five groups, each of 25 patients, anaesthesia was induced with 1.0, 1.5, 2.0, 2.5 and 3.0 mg/kg respectively of ketamine injected over 45-60 seconds. Anaesthesia was continued with nitrous oxide-oxygen with further small doses of ketamine as required. Subsequent observations were similar to those described in studies of other intravenous induction agents (Dundee, Moore and Nicholl, 1962; Clarke and Dundee, 1965) .
Disturbances at the end of operation were graded as "slight" or "severe" and their duration as "transient" (up to 10 minutes) or "prolonged" (over 10 minutes).
In order to assess the significance of the effects of ketamine from the patients' point of view, their opinions of the procedure was sought on the day after operation. Each patient was asked whether, in the event of her needing another operation, she would be happy to have the same anaesthetic. A comparable group of 200 patients induced with methohexitone were similarly questioned to provide control data. Table I shows that the groups of patients were broadly comparable with respect to age, weight and the duration of anaesthesia.
RESULTS

Anaesthesia.
Induction was rapid and quiet but often accompanied by some degree of hypertonus. The limb stiffness was sometimes such that the patient could not be put into the lithotomy position. On two occasions the hypertonus was marked and involved the jaw muscles to such an extent that the airway became obstructed and cyanosis occurred. With the exception of two patients at the lower dose levels (table II), the doses employed caused loss of consciousness. The number of patients requiring further ketamine prior to the start of surgery was high (56 per cent) with induction doses up to 2 mg/kg, but 2 mg/kg and over appeared to be adequate. Apart from the cardiovascular effects, none of the other induction complications were a source of trouble, although 18 per cent of patients developed a rash following injection. We did not find weals following the rash and it had generally subsided within 10 minutes. There was no evidence of histamine release at the injection site.
In the majority of patients the blood pressure rose steadily over the 3-5 minutes following induction, die individual and mean maximum rises in systolic being shown in figure 2 which also shows die peak systolic pressures recorded during anaesdiesia. The mean systolic rise (table  HI) shows a slight, but not significant, relation- within 10 minutes. A typical blood pressure chart is shown in figure 3 . Pulse rate changes were not marked and usually of short duration.
Taking all these effects into consideration, anaesthesia was graded in a manner similar to that used in previous studies of intravenous anaesthetics and the findings are shown in table IV. Since hypertension had often subsided prior to the start of surgery a similar grading scheme was applied to the maintenance of anaesthesia. There is an obvious tendency towards more complications with the higher doses. The pooled data show that ketamine leaves a lot to be desired as an induction agent for minor surgery in unpremedicated adults, the overall percentage incidences of assessments being: Recovery. The majority of patients opened their eyes on command 2 minutes after discontinuing nitrous oxide (table V) and it was uncommon for a patient not to have regained jaw tone and full control of reflexes by this rime, In many instances there was difficulty in assessing the exact moment of return of consciousness, since patients would gaze vacantly into space and appear to be out of touch with their surroundings. Although the average time to "recovery" following induction doses of 3.0 mg/kg was greater than with 1.0 mg/kg the difference was not significant, presumably due to the small numbers of patients in each series. Table VI lists the troublesome postoperative sequelae recorded during the first 6 hours after surgery. Emergence delirium or excitement were common and these increased somewhat in severity with dosage but the pattern of changes was not clear cut. A small (2.5-5.0 mg) dose of diazepam intravenously rapidly controlled these symptoms, but larger doses re-induced anaesthesia and caused respiratory depression. Three patients complained of severe pain soon after recovery and this appeared to "trigger off" emergence delirium. All three had bimanual replacement of a retroverted uterus, a procedure which would normally be followed by pain. Table VII lists the emetic sequelae with different induction doses and compares the findings with those reported with methohexitone by Dundee (1963) . Except with the smallest induction dose, ketamine was followed by more vomiting and/or nausea than methohexitone. The difference was particularly marked 1-6 hours after anaesthesia where the incidence with any dose of ketamine was significantly higher (P<0.05) than with methohexitone.
Patient acceptance.
Not every patient could give a definite answer as to whether she would like ketamine again (table  Vlil) . However, it is obvious that this was not a popular agent from the patient's viewpoint and did not compare favourably with methohexitone in this respect.
Dose effects.
Since the findings with ketamine are not doserelated, as with barbiturates and propanidid, the data were further analyzed to see what relationship did exist (table DC). Induction doses of over 2 mg/kg caused a mean rise in systolic pressure of 31.4 ±2.2 mm Hg, which is not significantly higher than the 27.6 ±1.1 recorded with doses of 2 mg/kg and under. The time taken for the pressure to return to within 20 mm Hg of the control was similar for the two dose groups, as were the pulse rate changes. Although mean recovery time was similar with induction doses up to and including 2 mg/kg (5.8 ±1.1 minutes) as with doses of over 2 mg/kg (6.3 ± 1.1 minutes) the incidence of awake patients 2 minutes after surgery with the lower induction dose of ketamine (68 per cent) was significantly higher (P<0.0005) than with the higher dose (36 per cent). Table X shows a definite relationship between undesirable sequelae and total dose of ketamine given and this also applies very markedly to patient preference for the drug.
DISCUSSION
Two aspects of this study require comment-the unexpectedly high incidence of side effects during and following anaesthesia and the absence of an obvious dose-response effect. In contrast with methohexitone, cough and hiccup are not features of anaesthesia with ketamine. However, in keeping with the findings of Corssen and Domino (1966) , hypertonus was a common finding. This is the probable reason for the claims that the airway is well maintained with ketamine, but, as mentioned previously, jaw tone can be excessive at times. Only on two occasions did we find muscle rigidity interfering with the surgical procedure, as reported by Brown, Cole and Murray (1970) in children. Spontaneous involuntary muscle movement was less frequent than after normal doses of methohexitone but nevertheless occurred in 12 per cent of patients with doses up to and including 2 mg/kg and in 34 per cent of those receiving more than 2 mg/kg. This high incidence does not appear to have been recorded by other workers, who may have thought that these were too trivial to mention. Although the occurrence of an erythematous rash is mentioned in the literature, the incidence (18 per cent) which we have found is higher than that recorded elsewhere.
Almost every clinical paper mentions hypertension occurring after ketamine, but not all workers regard this as troublesome. As can be seen from figure 2, the peak systolic pressure was in excess of 200 mm Hg in an appreciable number of patients and this action could be looked upon as alarming (Corssen and Domino, 1966) .
In table XI and figure 4 the rises in systolic and mean arterial blood pressures are shown in relation to the resting pressure and the findings fail to confirm those of Gjessing (1968) that the in-crease is less where the initial pressure is high. A factor in this difference may be the absence of hypotensive patients in our series. There was no significant relationship between pressure rise and dose of ketamine given (tables HI and XI; figs. 2 and 4). We had no complaints of excessive bleeding accompanying the blood pressure rise but other workers have commented on this with different types of surgery (Wilson, Traber and McCoy, 1968) . Since the rate of injection was fairly constant in this study one cannot comment on the view of Corssen and Domino (1966) that the greatest increases in arterial pressure occur when the speed of injection is fast. However, these latter workers found a significant increase in pressure even when ketamine was given as an infusion over a 5-minute period.
From studies in dogs, Dowdy and Kaya (1968) proposed that one cause of hypertension is depression of the frequency response of the baroreceptors. They also comment that the depression phase of the arterial pressure-which we have not seen-is due at least in part to the negative inotropic effect on the myocardium. Studies in humans by Virtue and associates (1967) and by Kreuscher and Gauch (1967) indicate that hypertension could be due to an increased cardiac output, but ketamine appears to be a direct myocardial depressant in high doses (Traber, Wilson and Priano, 1968) . The role of the sympathetic nervous system in these changes is not BRITISH JOURNAL OF ANAESTHESIA clear, but the pressure rise is prevented by epidural anaesthesia (Traber and Wilson, 1969) . It is important to note that excessive rises in pressure rapidly respond to halothane.
Although recovery from ketamine was fairly rapid (table V) King and Stephen (1967) , but similar to that of Wilson, Fotias and Dillon (1969) . Recorded incidences of postoperative emetic effects with ketamine ranged from nil (Chodoff and Stella, 1966; King and Stephen, 1967; Matorras and Felipe, 1970) to figures lower than those found in the present study (Corssen et al., 1969a; Telivuo and Vaisanen, 1970) . Our high incidence may be due to the sex of the patients and the nature of the operation, and for this reason comparable data obtained after the use of methohexitone are given in table VII. The figures certainly appear to incriminate ketamine specifically, particularly in the late postoperative period.
From the many published reports, we were not surprised to encounter emergence delirium and hallucinations. In data supplied by the manufacturers, based on over 12,000 unselected administrations, Albin and Dresner (1969) reported psychic abnormalities and hallucinations in under 2 per cent of patients, dreams in about 7 per cent and what we would class as "emergence delirium" (confusion, with and without vocalization, excitement or irrational behaviour) in 2.8 per cent of subjects. All are agreed that these complications are rarely seen in children, but in making allowance for the fact that the patients in our series were all adults, the incidence and severity of these complications were greater than expected.
A number of workers have noted that psychological disturbances were more distressing to the patients if they were aroused early in the recovery phase (Pannacciulli, Sordi and Trazzi, 1966; Corssen et al., 1969b ) although this experience is not universal (Pavy, 1966) . In the present series patients were quickly moved off the operating table into a bed and left for a time in a fairly busy recovery bay. Occasionally crying and delirium occurred when patients were still in the operating theatre (and being disturbed) but in an appreciable number this was first seen when they were undisturbed either in the recovery area or when returned to the ward. Thus no clear pattern of events was observed in this present study.
The sex of the patients, and the nature and duration of the operations may all be interrelated factors in the high incidence of postoperative delirium, particularly since Lear and associates (1959) have listed these factors as contributing to the delirium after cydohexamine (Cl-400). In a very small study Soetens (1969) found delirium and undesirable mental effects occurring only in women. The incidence is less with more prolonged operations presumably because the period of maximal undesirable cerebral effect of ketamine occurs when the patients are still unconscious.
The absence of depressant premedication has also led to the high incidence of delirium hallucinations (Matorras and Felipe, 1970) . Our subsequent studies have shown that although opiates such as pethidine and papaveretum and other hypnotics, e.g. pentobarbitone, reduced the incidence of delirium to some extent, they did not abolish it altogether. We have no data on the influence of age on recovery upset, since all our patients were in the reproductive years of life, but everyone appears to agree that unpleasant sequelae do not occur in children. Neither can we confirm the finding that the addition of halothane reduces unpleasant sequelae (Stocker, 1969) , but this seems worthy of investigation.
Considering that ketamine is classed as an analgesic, it was surprising to find patients complaining of severe pain soon after operation. The period of analgesic produced by ketamine is brief (Nolte et al., 1969) and it would appear to be more effective in somatic than in visceral pain. Corssen and Domino (1966) have, in fact, used the term "somatoanalgesia" to describe this action of ketamine.
Many writers refer to salivation occurring after ketamine (Stanley et al., 1968; Brown, Cole and Murray, 1970; Corssen, Miyasaka and Domino, 1968) . In our study this was prevented by preoperative atropine but subsequently we have given ketamine to more than 300 adults without antisialogogue premedication and not encountered any trouble.
Ketamine shows a very different response to increasing dosage from that found with barbiturates (Barren and Dundee, 1967) and propanidid . Side effects increase with dosage of these latter drugs, but over the dose range studied this was not observed with ketamine. The nature of the present investigation does not allow the duration of action to be related to dosage, but this has been shown clearly in the studies carried out in volunteers by Domino, Chodoff and Corssen (1965) . Reference has been made to the fact that ketamine may not be suitable for out-patient anaesthesia in adults. In the light of present findings it is hard to agree that it should be recommended for short procedures (Corssen et al., 1969b) particularly in the absence of depressant premedication. This latter continued with a volatile inhalational adjuvant may reduce the possibility of undesirable cardiovascular effects or unpleasant sequelae.
